Primary generalized tonic-clonic seizures (PGTCS) are a debilitating seizure type afflicting adults and children, and are associated with potentially serious consequences including sudden unexpected death in epilepsy.^[@R1],[@R2]^ Clinical trials in children present several challenges, particularly when drugs are already approved for use in adults. As a result, children often receive off-label or unlicensed products for which efficacy, safety, and pharmacokinetics have not been established. Recently, antiseizure drug efficacy in adults has been extrapolated to children when the disease course/disorder is similar,^[@R3]^ and key differences sometimes emerge when independently studying pharmacokinetics, safety, and tolerance in children.^[@R4]^

A 2017 review of clinical trials for focal-onset seizures (FOS) demonstrated comparable percent seizure reduction and responder rates between adults and children (2--18 years of age) for 5 antiseizure drugs, and resulted in approval of extrapolation of efficacy data from adults to children experiencing FOS.^[@R5]^ In addition, a review of antiseizure drug development in children concluded no difference in results from large randomized clinical trials in adults and children that used percent seizure reduction from baseline as the efficacy measure, supporting extrapolation of efficacy data from adults to children ≥2 years of age for focal epilepsy.^[@R3]^

This analysis evaluates evidence for extrapolating antiseizure drug efficacy data from comparable trials in adults with PGTCS for treatment of pediatric patients (2--12 years of age) with PGTCS, eliminating the need for potentially unfeasible efficacy trials in children.

Methods {#s1}
=======

Search strategy, selection criteria, and data abstraction {#s1-1}
---------------------------------------------------------

The current study was initiated in response to a regulatory request from the Pediatric Committee of the European Medicines Agency as part of regulatory guidance in the pediatric approval process for the antiseizure drug perampanel. Electronic searches of EMBASE, Medline, and the Cochrane Central Register of Controlled Trials were conducted for controlled trials in the treatment of PGTCS published from 1970 to 2015 using predefined criteria (text e-1, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). In this meta-analysis, we interpret the term primary generalized tonic-clonic seizures to refer to generalized tonic-clonic seizures that occur in the context of the idiopathic (presumed genetic) generalized epilepsies. In doing so, we also accept that purely generalized tonic-clonic seizures may occur outside of the widely recognized epilepsy syndromes and also that seizures that appear to be generalized at onset may also occur in the context of focal epilepsies, where rapid secondary generalization may occur. The use of this term was meant to restrict the analysis to a more homogeneous population, although in clinical practice we concede this may be difficult to apply in all cases.

The initial online database search for trials on epilepsy and tonic-clonic seizures identified 19,485 citations ([figure 1](#F1){ref-type="fig"}). To minimize the risk of bias in individual studies, only publications that presented results from controlled, randomized, double-blind trials were included. Duplicate titles resulting from searches of more than 1 database and slight variations in the entries of titles or authors in the databases were removed. Randomized clinical trials were selected (302) and conference proceedings were excluded. A neurologist (A.L.) and a statistician (J.W.) reviewed 262 unique abstracts by title, key words, and content. Full-text articles were obtained for 39 abstracts for controlled, randomized clinical trials potentially relating to PGTCS. Articles were evaluated by A.L. and D.R.N. and included in the meta-analysis if the data were based on randomized, placebo-controlled studies on PGTCS, and contained efficacy evaluations expressed as change in percent seizure frequency or ≥50% responder rates. A neurologist (A.L.) then reviewed the selected articles and confirmed previous exclusions.

![Identification of clinical trials in adults and children 2--12 years of age with primary generalized tonic-clonic seizures](NEUROLOGY2019977777FF1){#F1}

A total of 7 published trials for adjunctive therapy for PGTCS were eligible for the meta-analysis. The quality of each trial was assessed using a published instrument to evaluate the methodology and clinical relevance.^[@R6]^ Quality scores ranging from 0 to 1 were assigned for each trial.^[@R6]^ The average quality score for the 7 trials used in this analysis was 0.74 with an SD of 0.1 and range of 0.51 to 0.81. To minimize the risk of bias across studies, all relevant data within the 7 publications were used and there was no selective reporting within studies, an approach that avoided selection bias.

Effect measures, quantitative analysis, and statistical methods {#s1-2}
---------------------------------------------------------------

The most commonly reported efficacy measures in the selected trials were median percent reduction in seizure frequency from baseline and responder rate, defined as a ≥50% reduction in seizure frequency from baseline. Data from these 2 efficacy measures were extracted from the selected trials for participant groups receiving adjunctive drug treatment or placebo. Forest plots were constructed and standardized mean differences (SMD) between drug and placebo groups, SE of SMD, odds ratios (ORs), risk ratios, and 95% confidence intervals (CIs) for each trial were calculated to determine the relative strength of the baseline-subtracted efficacy measures in pediatric and adult populations using the Comprehensive Meta-Analysis V3.0 statistical analysis package for research synthesis.

As the SD of the measure of effect was not available for all studies, it was estimated using CIs from the French et al.^[@R7]^ perampanel study (FYCOMPA; Eisai, Inc., Woodcliff Lake, NJ) as follows. An estimated SD was obtained as (\[0.3/2\] × )/1.96 = 0.69, based on the 95% CI for median difference of percent change of 15%--45% and sample size of 81 participants per treatment group in the French et al.^[@R7]^ study. This estimated SD (0.69) was used as a common SD across the PGTCS trials. The analysis was further supported by sensitivity analyses, assuming SD values between 0.69 and 1.06.

A conservative estimate of common SD = 1.06 was derived as follows. From the French et al. study,^[@R7]^ difference in median between the drug and placebo groups was 0.381 and n = 81 in both treatment groups. Based on the confidence bound for the difference of (0.15, 0.45), larger distance between half distance of the 2 confidence limits (0.45--0.15)/2 and the difference between the median and lower limit (0.381--0.15) is 1.96 SE of median difference. The maximum SD is given by (0.381--0.15) = 1.96 × (SD/). Therefore, SD = (0.381--0.15) × (9/1.96) = 1.06 is a conservative estimate for the common SD.

This SD was then used to calculate the SE of the SMD as follows:

Results {#s2}
=======

Age 2--12 years and comparable adolescent and adult trials {#s2-1}
----------------------------------------------------------

Characteristics of the 7 trials eligible for quantitative analysis in adolescents and adults and children 2--12 years of age are shown in [table 1](#T1){ref-type="table"} (with references), and summaries of the individual trials are detailed in text e-2 ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). All trials were for the treatment of PGTCS (4 lamotrigine \[LTG\], 1 perampanel, and 2 topiramate \[TPM\]), with 2 trials conducted in adults, 2 trials in adults and adolescents (12--16 years of age), 2 trials in adults and children, and 1 trial in adolescents and children (2--12 years of age).

###### 

Characteristics of studies among adolescents and adults and children 2--12 years of age with primary generalized tonic-clonic seizures
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Adjunctive therapy for PGTCS {#s2-2}
----------------------------

The changes in median percent seizure reduction in each study group are summarized in [table 2](#T2){ref-type="table"} for LTG, perampanel, and TPM. The baseline-subtracted measures of effect based on median percent seizure reduction in trials conducted in adults and children were comparable for adjunctive therapy of PGTCS with LTG and TPM (figure e-1, A and B, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). The participants in the perampanel study were adults and adolescents (12 years and older) and there was no pediatric group for comparison.

###### 

Median percent seizure reduction between baseline and treatment periods by drug for adults and children 2--12 years of age with primary generalized tonic-clonic seizures
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Forest plots were created and the standard difference between drug and placebo groups and their corresponding 95% CIs were calculated for each trial and patient subgroup to evaluate the percent reduction in seizure frequency between adults and children from the 7 studies. [Figure 2](#F2){ref-type="fig"} presents an efficacy comparison between treatment groups for median percent reduction in seizure frequency from baseline and for ≥50% responder rate from baseline. The percent reduction in seizure frequency from baseline results for the standard difference and its 95% CI are summarized for each trial in figure e-1A ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). The fixed-effect model in figure e-1B ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)) shows the differences in reduction in PGTCS frequency from baseline by patient subgroup. The baseline-subtracted standard difference in the median percent reduction in PGTCS frequency was similar between adults and children within the same drug group as well as across different drug groups (figure e-2, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). The drug group was consistently favored over placebo. Furthermore, lower 95% CI bounds were above 0 for children in the double-blind phase and near 0 for the maintenance phase, with significant overlap with the adult confidence bounds for both phases (figure e-1B, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)).

![Efficacy comparison in median percentage seizure reduction between treatment groups\
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LTG^[@R8]^ and TPM^[@R9]^ trials were the only eligible studies with data that could be separated by age group to compare children \<12 years of age with adolescents and adults. When separate analyses were conducted for the children (2--12 years of age for the LTG study and 4--16 years of age for the TPM study) and adult age groups, similar percentages of participants in each age group experienced reductions in seizure frequency compared with placebo. These effect measures ranged from 50.0% to 79.7% in children and 57.0% to 64.0% in adults ([table 2](#T2){ref-type="table"}). Due to limited sample size, statistical data were unavailable for studies separable by age group.

The baseline-subtracted effect measures based on the responder rate of ≥50% reduction in seizure frequency in trials conducted in adults and children were comparable for adjunctive therapy of PGTCS with LTG and TPM ([figure 2](#F2){ref-type="fig"} and figure e-1, C and D, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6); [table 3](#T3){ref-type="table"}). Only 1 TPM study^[@R9]^ provided data separable by age group for this efficacy measure. The children (4--16 years of age) in the TPM group had a responder rate of 50% while the adults in the TPM group had a responder rate of 58% compared with 12% and 28% in their respective placebo groups. Although statistical significance was not provided due to small sample sizes, this TPM study suggested that the reduction in seizure frequency and the responder rate of ≥50% reduction in seizure frequency was similar across age groups.

###### 

Proportion of participants with ≥50% reduction in seizure frequency between baseline and treatment periods by drug for adults and children 2--12 years of age with primary generalized tonic-clonic seizures
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The confidence bounds across clinical trials for ≥50% responder rate in seizure frequency were comparable between adults and children. The proportional analysis of ≥50% responder rates based on risk ratio and OR by study, and estimated risk ratio by patient subgroup, are presented in [figure 2](#F2){ref-type="fig"}, figure e-1C, figure e-3, and figure e-1D ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)), respectively. The efficacy comparisons of estimated OR for ≥50% responder rate by patient subgroup are shown in figure e-4 ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). Figures e-1C and e-3 ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)) show the estimated risk ratios and ORs between drug group and placebo group from the ≥50% responder rates in the pediatric population. These were consistently in favor of the drug group across trials and were very similar to the ≥50% responder rates seen in the adult population. Furthermore, the estimated risk ratios for each patient subgroup in figure e-1D ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)) are comparable among the adult, adult plus children, and children subgroups in these studies, as evidenced by overlapping CIs. The wide 95% CI for the children subgroup is due to small sample size (n = 8 for the drug group and n = 12 for the placebo group).

Sensitivity analyses for median percent change in reduction of seizure frequency related to the assumption of common SD further demonstrate similar results across studies in the adult, adult plus children, and children subgroups using 3 SD values between 0.69 and 1.06 (figures e-5, 6, and 7, [doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)). An additional sensitivity analysis was conducted, as shown in figure e-8 ([doi.org/10.5061/dryad.cg24gt6](https://doi.org/10.5061/dryad.cg24gt6)), by fixing the extent of variability in relation to the means (fixed coefficient of variation). In other words, for a standard difference of 0.552, the variability was allowed to change according to the treatment difference. This sensitivity analysis showed significant overlap in the 95% CIs between studies in adult, adult plus children, and children subgroups, suggesting that differences based on median percent change in reduction of PGTCS frequency between drug and placebo were similar in adults and children.

Discussion {#s3}
==========

It is difficult to perform randomized, placebo-controlled add-on trials in children with antiseizure drugs that are already approved for use in adults. Concerns have been raised about young children potentially being randomized to receive add-on placebo, thereby continuing to experience life-threatening seizures for many months, rather than seeking effective available therapy. There is an urgent need to provide safety and pharmacokinetics data in younger children, while protecting them from possibly unnecessary trials to re-demonstrate efficacy that has already been demonstrated for the same seizure type in adults.

This meta-analysis was conducted in response to a regulatory request for perampanel, for which published data on efficacy in individuals with primary generalized tonic-clonic seizures only exist for patients aged ≥12 years.^[@R7]^ From our extensive literature review, we found that lamotrigine and topiramate trials were the only eligible studies that could be separated by age to compare children aged ≤12 years with adolescents and adults aged \>12 years. We did not find any substantial differences in the reported efficacy of the administered drugs between children and adults in 7 clinical trials, measured either by median percent reduction in seizure frequency from baseline or ≥50% responder rate. Although the number of clinical trials for PGTCS that met the criteria for this meta-analysis was limited, the findings presented are based on efficacy measures from well-controlled trials, most of which were conducted in both adults and children, across 3 different antiseizure drugs. One small difference was noted in the subgroup analyses, where a larger range for SMD and wider 95% CIs were observed for children in both the double-blind and maintenance phases compared with adults. This was also observed for risk ratios and ≥50% responder rates. The reason for this wider range is not known but possibilities include the smaller sample size or greater degree of variability within the pediatric population.

These results do not offer any evidence to suggest key differences in the efficacy of antiseizure drugs against PGTCS in adults and children. The lack of any signal to suggest a substantial difference bolsters the argument that efficacy data of antiseizure drugs in adults could be extrapolated to children aged 2 years and older. This argument is identical to the one recently advanced for arguing disease similarity for FOS between children and adults.^[@R5]^ Unlike in that study, which was performed under the auspices of a Food and Drug Administration partnership, individual pharmacokinetics/pharmacodynamics assessments were not available for our study.

These results are not surprising since, from a clinical and electrophysiologic standpoint, the authors are unaware of any significant differences between PGTCS seen in children with idiopathic epilepsies and those in adults. PGTCS are rare before 2 years of age,^[@R10]^ but after this age they appear with similar semiology to adults.^[@R10]^ Thalamocortical projections that are integral in the production of PGTCS are fully functional by 2 years of age, and this is clearly evidenced by the appearance of normal physiologic waveforms such as synchronized sleep spindles, vertex waves, and K-complexes.^[@R11],[@R12]^ Furthermore, generalized spike-wave discharges, an important interictal feature seen in patients with PGTCS, are present by 2 years of age.^[@R13]^

Limitations of this analysis include the paucity of trials with data that could be separated by age group, differences in clinical trial methodology and reporting of results, variability in the subject population, differences in analysis subsets, and varying length of treatment phases and dosage. In addition, this meta-analysis was restricted to efficacy measures. It is important to highlight that there may be significant differences in tolerance, side effects, and pharmacokinetics between adults and children treated with antiseizure drugs for PGTCS. Therefore, these measures should be independently studied to provide useful information for clinicians caring for children with PGTCS.

This analysis supports the similarity of efficacy data from antiseizure drug clinical trials for PGTCS in adults to children 2--12 years of age. This evidence, along with an understanding that PGTCS are similar in adult and pediatric patients with idiopathic (genetic) generalized epilepsies, supports the extrapolation of current labeling to pediatric patients for efficacy measurements. Pharmacokinetics and safety data were not addressed in this analysis, and remain important domains for study within the pediatric population.
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